AlaSTRACT.--The tissue allocation hypothesis states that functional maturity and rapid embryonic growth are incompatible at the tissue level. This could explain why precocial birds, which have more mature tissues at hatching, grow more slowly than altricial birds. We evaluated this hypothesis in Greater Snow Geese (Chen caerulescens atlantica), which nest in the high arctic where the growing season is very short. We examined growth patterns and dry-matter content (an index of tissue maturation) of various tissues, and the accumulation of fat in 176
species with smaller legs than geese. Therefore, the fast growth rates of geese, in spite of their large, well-developed legs at hatching, appears to be a challenge to the tissue-allocation hypothesis.
Because most geese are long-distance migrants, newly fledged goslings also face the challenge of accumulating fat reserves for the southward migration at the same time as they are completing growth. The early onset of fall in the arctic imposes an overlap of these two energy-demanding processes. The problem of assimilating enough nutrients to meet these requirements is compounded by the declining quality of arctic food plants in late summer (Manseau and Gauthier 1993). Migration is a critical period for the survival of young geese, especially for those that do not complete their growth in time. In young Barnacle Geese (Branta leucopsis), mortality during migration between Svalbard and Scotland (4,000 km) is high and inversely related to body mass near fledging Collecting methods.--We collected three goslings in as many nests during the hatching period on 5 and 6 July (median hatching date of 3 July in 1993; n = 367 nests). From 15 July to 6 August, we randomly shot 40 goslings from wild families (one per family) within 4 km of the base camp. From 9 to 14 August, four banding drives were carried out at four different sites within 8 km of the camp, just before the fledging period. In each capture, we sacrificed 24 goslings (12 males and 12 females). Within each sex, we randomly selected six early-hatched and six late-hatched goslings. Early and late-hatched goslings were defined as those >2 days or <2 days, respectively, than the median age of goslings caught in each banding drive (see below for aging method). Finally, on 22 August, we shot an additional seven goslings (all of them were flying, although their estimated ages showed that they tended to be late-hatched birds).
During the fall migration, we captured goslings with rocket nets at Cap-Tourmente. The rocket nets were installed in hayfields regularly used by geese. In three captures (5, 19 and 20 October), we sacrificed 10 randomly selected individuals (five of each sex) among the juveniles caught (42 to 45 juveniles were caught each time).
Birds were sexed by cloacal inspection. Morphometric measurements were taken according to Dzubin and Cooch (1992) shortly after collection by the same observer on all birds. Culmen, head, tarsus, and sternum lengths were measured with a caliper (_+ 0.1 mm). Lengths of the body, the 9th primary, and the longest tail feather (when feather tips had emerged from the sheath) were measured with a ruler (+ 1 mm). Birds were weighed (+ I g) with an electronic field balance.
Body composition analysis.--In feathered goslings, we removed feathers with a sheep shears and discarded them. The following tissues were removed and weighed immediately on an electronic balance (-+ 0.1 g): left breast muscles (pectoralis and supracoracoideus), left leg muscles (including all muscles originating along the femur or the tibiotarsus), esophagus (with proventriculus), gizzard, liver, and intestine. The length of the small intestine and caeca was measured (+ I mm), and the contents of digestive tracts were removed, weighed, and subtracted from body mass. The carcass, with all previous organs removed, also was weighed and then frozen. Frozen carcasses were passed through a meat grinder three times and a 100-g sample of the homogenate was retained. All tissues were then frozen in plastic bags until further analyses.
Water Aging tnethods.--The exact age of collected birds was unknown (except for those collected at hatching) and therefore had to be estimated. Even though hatching is highly synchronous (87% of the 367 nests hatched over a 7-day period), aging birds by the difference in the number of days between collection date and the peak of hatching was too inaccurate in young birds. Indeed, we found a large variability in the develop- 
+ be •-•c t•
where a is the asymptote of the mass (g), b is the natural logarithm of the ratio of asymptotic to initial mass, K is a constant proportional to the rate of mass increase (growth rate), and t is age (days). These equations were calculated using a nonlinear least squares estimation technique. The logistic equation generates fixed-shape curves, in contrast to more general growth models, such as the Richards equation, which allow shape to vary (Ricklefs 1983). The Richards equation introduces a 4th parameter, m, that controls the shape of the curve. When tn = 2, the Richards equation is reduced to the logistic equation, whereas when tn approaches 1, it is reduced to the Gompertz equation (Ricklefs 1983 ). When we applied the Richards model to our data, we found The proportion of dry matter in lean tissues was used as an index of the functional maturity of tissues (Ricklefs 1979b , Ricklefs et al. 1994 . The relationship between the proportion of water in tissues and age was analyzed using polynomial regressions. We also examined the relationship between the exponential growth rate (the first derivative of the logistic equation) and the proportion of dry matter in lean tissues using linear regression (Ricklefs 1983 , Ricklefs et al. 1994 ). The level of significance was set at P < 0.05 for all statistical tests.
RESULTS
The age of goslings collected between hatching and the banding period ranged from 1 to 34 days (n = 43). Goslings collected during banding drives were between 29 and 45 days of age (n = 96), and those collected at fledging were 39 to 46 days of age (f = 43 days, n = 7) and capable of flying. Visual observations and tracking of six females fitted with satellite transmitters (J.-E Giroux pers. comm.) indicated that departure of geese from Bylot Island for the fall migration occurred around 24. August 1993 (range 20 to 28 August), less than 10 days after the first goslings had been observed to fly (15 August). The first goose families were seen at the Cap-Tourmente staging area around 1 October (A. Reed pers. comm.), although arrivals occurred throughout most of October (pers. obs.). At Cap-Tourmente, the age of collected goslings ranged from 94 to 109 days (n = 30).
Sex differences.--Adult male Snow Geese are about 12% heavier than females. All body components of males are larger than females, with differences ranging from 10% in liver to 19% in body ash (Table 1) . Although asymptotic values of growth equations were higher in males than in females for all body components except liver, sex differences were smaller in asymptotic values than in adults (e.g. 6% difference for body mass, 13% for body ash). Despite these differences, growth rates (as judged by K) of body components were similar between sexes (Table  1) . Growth constants of body mass, body protein, body water, leg muscles, gizzard, and liver were slightly higher in males than females, whereas the reverse was true for body ash, breast muscles, esophagus, and intestine. Because of these small and inconsistent differences between sexes during growth, data from males (Fig.  1) . Body protein had a growth pattern most similar to body mass ( Fig. 2A) , although it was slightly delayed (50% of asymptotic mass attained three days later; Table 2 ). The skeletal component (body ash) followed a similar growth pattern, although its growth was further delayed compared with body mass (50% of asymptotic mass attained seven days later; Table   Bedy 2), and it eventually grew more rapidly (growth constant about 36% higher; Fig. 2A ). Increase in body water was slightly ahead of body mass (50% growth attained three days earlier; Table  2 ) and was also faster (by about 30%). Growth of these constituents was not completed at fledging (43 days; proportion of asymptotic mass attained at fledging ranged from 69 to 87%; Table 2 ).
Fat was the constituent for which accumulation was most delayed. At hatching (0 to 2 days), vitellum accounted for at least 4% of the body mass and was composed of 85% of fat. This fat was rapidly catabolized by goslings soon after hatching, and during most of the growing period goslings were extremely lean (Fig. 3) . Fat increased from 1.5 + SE of 0.2 g (n = 9) at 10 days of age (0.6% of total body mass) to 12.0 + 0.5 g (n = 51) around fledging at 40-45 days of age (0.7% of body mass). Accumulation of fat must be very rapid thereafter because goslings collected on the staging area 3,000 km farther south had 281 + 15 g of fat (n = 30) at about 100 days of age (12% of body mass).
Organs.--The two locomotory muscle groups, leg and breast muscles, showed dramatically different timing and pattern of growth (Figs. 2  and 3) . Leg muscles grew rapidly in the first days (50% of asymptotic mass reached 11 days before body mass; Table 2 ) and had almost completed their growth when goslings fledged around 43 days (Table 2) growth curve was only 84% of adult size for breast muscles compared with 99% for leg muscles (Table 1) , which suggests that significant growth of breast muscles continued after three months. Despite the late onset of its development, the growth constant for breast muscles (K = 0.268) was much higher than that for leg muscles (K = 0.172; Fig. 3) , suggesting a very fast growth of the breast.
The growth of all digestive organs (esophagus, gizzard, intestine and liver) occurred early in the development of goslings (Fig. 2B) . The development of the gizzard, which was the largest muscle at hatching, followed a trajectory similar to that of the legs and was extremely early and rapid. The gizzard was the earliest organ to develop (50% of asymptotic mass reached 17 days earlier than body mass) and had the highest growth constant (K = 0.294). Development of the esophagus and intestine also occurred early (50% of asymptotic mass reached 12 days earlier than body mass; Table 2 ) and relatively rapidly (K = 0.143 and 0.149, respectively; Fig. 3) . The liver was the last digestive organ to develop although its growth was still relatively early (50% of asymptotic mass reached six days ahead of body mass; Table 2) and its growth moderate (K = 0.104). Because of their early development, these four organs had reached 88 to 100% of their asymptotic mass at fledging ( Table 2 ). The remaining soft-body tissues (carcass) showed a growth pattern very similar to that for body protein (Tables 1 and 2 ).
Water content.--Water content differed both in absolute values and pattern of temporal variation among the various organs. The patterns of change in water content with age fell into two groups. In breast muscles and carcass, water content declined steadily throughout the growth period from peak values at hatching or shortly thereafter. In contrast, water content of leg muscles, gizzard, intestine, and total body increased during growth, peaked shortly before fledging, and declined thereafter as shown by the significant polynomial regressions (Fig. 4) . The largest change in water content occurred in the breast muscles, with values decreasing from an average of 82% soon after hatching to 71% at around 110 days of age (lean mass basis; Fig. 4 ). Water content also was relatively high at hatching, or soon after, in the carcass (75-78%), but declined to low values at 110 days (Fig. 4) . Water content was lowest in the leg muscles (72%) and intestine (73%) at hatching but was relatively high at 110 days (75 and 77%, respectively) compared with the other organs (Fig. 4) . Water content of the gizzard was especially variable in young goslings.
The tissue-allocation hypothesis predicts an inverse relationship between exponential growth rate and functional maturity of tissue. Using the proportion of dry matter in lean tissues as an index of maturity, we found no such relationship in leg muscles, gizzard, and intestine, all of which are organs that developed early (Fig. 5) . In contrast, the prediction was upheld in breast muscles, carcass, and total body protein. However, for carcass and especially total body protein, several points were high above the predicted line. These were mostly goslings with both a high proportion of dry matter in their tissue and a high exponential growth rate, i.e. very young goslings (Figs. 4 and 5) . Even though the growth rate of Greater Snow Geese appears similar to other, smaller geese, Greater Snow Geese fledge at the same age as Lesser Snow Geese (43 days), but five days younger than Cackling Geese. This is achieved by fledging at a lower percentage of adult mass; Greater Snow Geese fledge at 68% of adult body mass (1,853 g), whereas Lesser Snow Geese fledge at 79%, and Cackling Canada geese at 89% of adult mass (Sedinger 1986 ). The shorter summer period experienced by the Greater Snow Goose in its high breeding latitude may have favored fledging at an earlier stage of development than in the other species.
All these comparisons suggest that ecological factors could be more important than embryonic constraints in determining growth rates within the Anatidae. Selection for rapid growth is strong in arctic-nesting geese because the very short summer forces goslings to grow as quickly Growth of individuals organs.--The growth of individual organs showed very contrasting patterns in Greater Snow Geese. Body organs can be divided in three groups according to their growth pattern (Fig 2) . The first group, the supplying organs (Lilja 1981), is composed of leg muscles and digestive organs (esophagus, gizzard, intestine, and liver) that are characterized by an early and rapid growth soon after hatching. Investment in supplying organs is maximized early in development because goslings need mature legs in order to find food and mature digestive organs to process food efficiently. The rapid growth of the gizzard is especially impressive; between 8 and 16 days of age, 40% of all protein synthesized in the body is in this sole organ (estimated from Fig. 2) . In addition to its essential digestive function, this organ also could play a role in thermogenesis of young goslings because it is the largest muscle at hatching (Sedinger 1986 ). The second group of organs to develop includes bones (body ash) and carcass (overall body protein), which are characterized by a moderate growth rate.
Finally, the breast muscles show a unique growth pattern. It is the last organ to develop but does so at a very fast rate, which concentrates the resource requirements for the development of these muscles in a short span of time. A strong inverse relationship between exponential growth rate and maturity was only found in the breast muscles. The relationship also was present in the carcass and total body protein, but there was considerable variation in young goslings. In contrast, tissues that developed early and were most mature at hatching (leg muscles, gizzard, and intestine) showed no inverse relationship between growth rate and maturity. These tissues grew rapidly even though their water content was relatively low. These results again suggest that embryonic constraints are not the primary factor limiting growth rate in geese. However, constraint on growth at the organism level (Ricklefs 1979a) could be important in geese. There is evidence that nutrient intake in growing goslings is constrained by gut capacity (Sedinger and Raveling 
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